A new series of dibutyltin(IV) alkylcyclohexyldithiocarbamates of the type (C 4 H 9 ) 2 Sn[S 2 CNR(C 6 H 11 )] 2 (R = CH 3 , C 2 H 5 , i-C 3 H 7 ) have been successfully synthesized using in-situ method. These compounds were characterized by elemental analysis, infrared and 13 C NMR spectroscopy. A single crystal X-ray analysis of dibutyltin(IV) ethylcyclohexyldithiocarbamate, (C 4 H 9 ) 2 Sn[S 2 CN(C 2 H 5 )(C 6 H 11 )] 2 (compound 2) showed that the system of this crystal is triclinic with space group P-1 while dibutyltin(IV) methylcyclohexyldithiocarbamate, (C 4 H 9 ) 2 Sn[S 2 CN(CH 3 )(C 6 H 11 )] 2 (compound 1) has monoclinic system and it's space group is P2 1 /c. In the crystal structure of compound 2, the dithiocarbamate ligands are bidentically chelated to the tin atom with non-equivalent of the Sn-S distances: Sn(1)-S(1) = 2.9255(11) and Sn(1)-S(2) = 2.5419(10); Sn(1)-S(3) = 2.8922(9) and Sn(1)-S(4) = 2.5293(10) Å while in compound 1, the dithiocarbamate ligands were anisobidentically chelated to the tin atom.
INTRODUCTION
The rapid rise in the industrial, agricultural and biological applications of organotin(IV) compounds during the last few decades has led to their accumulation in the environment and in biological systems. In recent years much attention have been paid to the synthesis, characterization and biological activities of various organotin(IV) derivatives with sulfur ligands like thione or dithiocarbamate [1 -3] . Organotin(IV) dithiocarbamate compounds have been the subject of numerous spectroscopic and structural studies of their industrial importance and their antifungal and insecticidal properties. The increase in study of these compounds also because of their varied structures. The crystallographic studies of the dithiocarbamate compounds of diorganotin (IV) showed that the coordination environments around the central atom ranging from tetrahedral to distorted octahedral with the dithiocarbamate groups can act as either unidentate or bidentate ligand [4] . In our previous publications, we have reported that in Me 2 Sn[S 2 CN(CH 3 )(C 6 H 11 )] 2 , both of the dithiocarbamate groups act as isobidentate ligand [5] and similar observation was also made for Me 2 Sn[S 2 CNCH 2 CH 2 CH 2 CH 2 CH 2 ] 2 [6] . In this paper, we report the synthesis of three new dibutyltin(IV) dithiocarbamates and their spectroscopic characterization. The crystal structure two of these compounds also will be discussed in this paper.
EXPERIMENTAL

Materials
All chemicals and solvents were of analytical grade, N-methylcyclohexylamine, Nethylcyclohexylamine, N-isopropylcyclohexylamine and dibutyltin(IV) chloride were purchased from Fluka while chloroform and ethanol were supplied by Merck. All the chemicals were used as received. -3 mol). The mixture was stirred for one hour at 0 -4C. After one hour of stirring, the dibutyltin(IV) chloride solution was added and stirred for another one hour. The white precipitate was filtered and washed with cold ethanol and dried in vacuo over silica gel. The yield and melting point were recorded for each compound. Recrystallization from a CHCl 3 :ethanol = 1:1 (v:v) mixture yielded colourless crystal of compound 1 and 2.
Preparation of compounds
Intrumentations
Melting points were determined on an Electrothermal IA 9100 instrument. The analyses for carbon, hydrogen, nitrogen and sulfur were carried out using a Fison EA 1108. The percentage of tin element in the compounds was determined gravimetrically by igniting a known quantity of each compound to SnO 2 . The IR spectra were recorded using a Perkin Elmer GX spectrophotometer; KBr disc for the range 400 -4000 cm -1 and nujol in polyethylene tablets for the range 400 -250 cm -1 . 13 C NMR spectra was recorded in CDCl 3 on a Joel JNM-LA 400 using TMS as internal standard. Bruker SMART CCD was used to record X-ray single structure determination. All these measurements were done at School of Chemical Sciences and Food Technology, Universiti Kebangsaan Malaysia.
Crystallographic Studies
Suitable crystals for X-Ray analysis of compounds 1 and 2 were formed after the mixture of chloroform and ethanol solutions were allowed to slowly evaporate for a few days. Data collection: SMART [7] . Cell refinement: SAINT [7] . Data reduction: SAINT. Programs were used to solve structure: SHELXTL [8] . Molecular graphics: SHELXTL [8] .
RESULTS AND DISCUSSION
The direct reaction of Bu 2 SnCl 2 with the corresponding amines and carbon disulphide in 1:2:2 molar ratio yields the dibutyltin(IV) dithiocarbamates in a good percentage. The physical and analytical data for compounds 1 to 3 are given in Table 1 . Elemental analytical data obtained are in agreement with the proposed molecular formulae. All of these compounds are soluble in chloroform, CHCl 3 and stable in air. A general reaction scheme for the above preparation is given in Figure 1 . The important peaks in the infrared spectra of the compounds are showned in Table 2 . The appearance of a strong band in the 1475 -1479 cm -1 region, attributed to a S 2 CN stretching mode [9] that we called "thioureida band". This band is very sensitive to the substituents on the tin atom, moving to a higher frequency by the introduction of more electronegative substituents. While the band present in the 978 -998 cm -1 region attributed to (C S) vibration which the behaviour of the dithiocarbamate ligands in these compounds may be predicted on the basis of this band stretching mode. The presence of only one sharp band at 985 ± 15 cm -1 indicates the bidentate nature of the dithiocarbamate ligand in the compounds [10] . The presence of another one band in the 375 -389 cm -1 region was attributed to (Sn-S), confirming the bonding of the central tin atom with the sulfur atom of the dithiocarbamate ligand. 293 (2) 293 (2)  range () The 13 C NMR spectra of these compounds was carried out in CDCl 3 , and showed that the peak for N 13 CS 2 chemical shifts appeared at 199.34 -199.82 ppm region (Table 3 ). The signals for the butyl carbons attached to the tin atom have been observed in the range which agree with the compound reported by [11] (13.74 -34.19 ppm).
Suitable crystals for X-ray analysis of compounds 1 and 2 were obtained by slow evaporation of a chloroform:ethanol mixture at room temperature for a few days. X-ray data collections carried out at room temperature. The details of the crystal data and refinement parameters for compound 1 and 2 are listed in Table 4 while the selected geometric parameters are listed in Table 5 and 6 respectively. The structure were solved by direct methods using SHELXS-97 and refined by full-matrix least-square calculations, using the program system SHELXS-97. 
Bond length (Å)
Sn (1)S (4) 2.494 (2) S (3)C (17) 1.686 (8) Sn (1)S (2) 2.528 (2) S (4)C (17) 1.744 (8) Sn (1)C (13) 2.111 (7) N (1)C (8) 1.328 (9) Sn (1)C (9) 2.165 (8) N (2)C (19) 1.484 (9) S (1)C (8) 1.691 (8) S (2)C (8) 1.758 (7) Bond angle ()
C (13)Sn (1)C (9) 129.7(4) C (9)Sn (1)S (2) 109.1 (3) C (13)Sn (1)S (4) 109.28(19) S (4)Sn (1)S (2) 82.25 (7) C (9)Sn (1)S (4) 111.2(3) C (8)S (2) showed ORTEP plot of the molecules in the unit cell which showed that tin atom in compound 1 and 2 was chelated by both of sulphur atoms of the dithiocarbamate group which formed six-coordinated compound. The selected geometric parameters for these compound were summarized in Table 5 [6] . The long Sn-S distances are significantly less than the sum of the van der Waal's radii (4.0) [6] . Table 6 : Selected geometric parameter (Å, ) for compound 2.
CONCLUSION
The elemental, spectroscopic and supported by crystallographic data approved that dithiocarbamate anions have chelated to the tin atom to form the neutral compounds. The crystallographic information obtained for dibutyltin(IV) methyl and ethyldithiocarbamate showed that the dithiocarbamate ligands formed an isobidentate and bidentate chelation respectively with non-equivalent Sn-S bond distances. This concluded that the substituent groups of the dithiocarbamate ligands have an influence on the chelation of the dithiocarbamate ligands to the tin atom.
